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INTRODUCTION

The present report 1s concerned with the salient features of the life history of
the common or so-called “lake shrimp’ (Penaeus setiferus) of the South Atlantic and
Gulf coasts and the bearing of these facts on the problems of the shrimp industry.
The information has been obtalned in the carrying out of a program of cooperative
shrimp investigation in which the Bureau of Fisheries has been supported by the
States of Loulsiana, Georgia, and Texas., The loyalty and industry of the staff and
of our associates have made possible the substantial results here recorded and the
members deserve the particularized credit for which our space is too limited.!

Although the study is far from complete, it seems best to place the information
obtained on record, 1 part because it 1s the most complete life history available for
any species of shrimp and in part to give the purposes and needs of the investigational
program. | R - | | o

A brief statement will first be given of the extent and importance of the shrimp
fishery in the United States, and next the state of knowledge at the beginning of the
present work; then the life history of Penaeus seliferus will be outlined very briefly,
after which the evidence from which these facts were drawn will be given in such
detail as is now possible (this will constitute the great bulk of the paper); and finally,
the bearing of this information upon the problems of depletion and protection will be
discussed briefly. | * |

! The staff of the shrimp investigations includes ¥, W. Weymouth, Milton J. Lindner, and Gordon Gunter with headquarters
In New Orleans, La., W. W. Anderscn &t Brunswick, Ga., J. 8. Guisell at Beaufort, N.C., and Kenneth H, Mosher st Aransas
Pass, Tex, J. N. Gowanloch and Forrest Durand, of the Bureau of Research and Statistics of the Louisiana Department of Con-
sérvatlon, have been so closely associated in the cooperative program as scareely to be difierentiated from the staff members. We
gladly acknowledge the aid of Dr. Waldo Schmitt, U.8, Nationel Musenm, in the identification of material; and of Dr. R. Von
lhering, of the Instituto Biclogico, for informatien concerning the shrimp fishery of Sao Pawlo, Braril. Weare also greatly {ndebted
‘? Mmany men in the shrimp indnstry. in particular to the late John Dymend, Ir., former president of the Southern Canners
P*‘“hﬂngﬂ; R. R. Rice, of Aransas Pass, Tex., and Senator Jules Fisher, of New Orleans, La., who have aided in the collection of daia
Bnd huve placed at our disposal their records for statistical analysis. Approved for publication, Mar. 22, 1033,
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2 BULLETIN OF THE BUREAU OF FISHERIES
PRODUCTION AND VALUE OF SHRIMP

The shrimp fishery of the United States produced s total of 113,263,000 pounds in
1929 and 92,327,000 pounds in 1930, renking in ench year ninth in volume among all
the fisheries. The value to the fishermen of the shrimp taken m 1928 was $4,575,000,
this placed the fishery fifth in value. It was exceeded only by the salmon, oyster,
haddock, and halibut. In 1930, due to a decline in price and in cateh, the value
was $3,134,000, so that it fell to tenth rank.

As may be seen from table 1, more than 95 percent of the shrimp taken were
from the South Atlantic and Gul States, slightly over 40 percent coming from
Louisiana alone. Here oceur the following species: Pendeus sefiferus, Penaeus
brasiliensis, Macrobrachium sp., Xiphopenaeus kroyery, Irachypenaeus consirictus

_f

Fiovre 1.—8ide vlew of the eommon shrimp Lﬁﬂnem getiferin) with Bome of the tnore consplenous structures labsled; x, antennttls;
b, rostrum of V'epine’’; ¢, eye; &, sephalotharax or “head™'; ¢, caTRpace or ‘e head shell’": J, abdomen or *inil™; g, telton or “ tﬂi'
spine™: &, uropod or ‘'tatl An*'; ¢, first pleopod or "swimm{nl leg''; J. Gith apod or *wilking leg"; &, chels or * pinoar’

third periopod; I, third maxiiliped; 1, antenns or **whisker'; », an gcale or aclcle. :

and Sicyonia sp. They may be distinguished as follows: Macrobrachium is easily
recognized from its presence in fresh or slightly brackish water, Only the first two
pair of walking legs have pincers, the first being relatively very large. It supports
a distinet river fishery of small volume not here considered. All of the other spocles
belong to the Penaeidae ind agree in having the first three pairs of walking legs,
instead of only two, armed with pincers, a family character. These shrimp are
characteristically salt-water forms, although they may be found in brackish bays at

certain times of year. The two species of Penaeus may be told from Trachypenaeus.

and Xiphopenaeus by the fact that the rostrum is armed with spines both above and
below. P. setiferus differs but little from P. brasiliensis. The most easily recognized
distinguishing characteristic is to be found in the groove on either sids of the rostrum.
In P. seliferus these grooves, conspicuous along the side of the rostrum, become
shallow as they teach the carapace and are soon lost. In P. brasiiensis, however,
the grooves continue to the back margin of the carapace. (See figs. 3 and 4.)
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TAsLE 1.—-Shrimp laken in the United Slales in 1930 according to districla t | TanLe 2.—Shrimp laken in the South Atlantic and Gulf States for 1989 arid 1830, arranged by Stalea
— — e : — — : —— - _ e : _
Santion Catch Valus ' - 1929 1931
Lot | P | Bt T Coten jouied B vaius
Aouth Atlantle Rod Chalf S1ates_ . ..o smmmmmmaso oo oomemnaemmmmr s OO0 ‘ . |
e SR I PP e R Doy S B Ry
e e e amemeMWEAmmme-- .o EAeameaMammeros s oo osSSsbRESmEoCoSrTTERTEITE * P b R r UTAR rreend I
#Tﬁﬂ?& P T el - e PR TE L PEEEEREEE SRS E I 341, 000 .87 &4, 000 .0 : Lowisinns_ . ____ Af, 458, Y82 4.5 | 2 025,336 45.66 | 18, GB&, 457 ":;‘ - I rﬁﬂf: I!-;:.!ﬂ f‘"t:gjl!“
T e e RIS frmm oo eme—memmmmn- 147, U0 .16 15, 000 . AR -, Flotida. .. . .a.. 18, 614, 564 17. 15 879, 192 10.82 | 10,848, 576 19, 12 G35, 5O% S
MNow Eﬂg pod Btabes. e eiimsreemao s ome s umemmEREEE o Crm——m 5,{'-1" i} 4, 005 .13 ) wam'----—-~----=--=------—— 13, 104, 450 12 §7 421, 401 8. 50 H, 449, 010 9. 53 118, K7L 19 ﬁ_ﬁ.
. — GO0TZiR e e rr oo VT amamme | 1L401  s8L0IS | 13101  RASZYIZ| 1005 234,570 11.17
T LR LS PR S EELL L b a2, 317,000 }  100.00 3, 134, 000 0. 00 '. gy 2 1 1 SR @, 415, 317 8 67 327, 66X %.37 | 10, 18D, 718 11. 56 art ot 12 5B
_ i Alabama_ ... 4, M, 400 ¢ 5. 05 154, 139 3. 48 2 482, 200 3. 38 ¥7, 218 3. 28
) ' 5 Nerth Ceratina,. ... S 807, 405 .83 30, 560 601 1208810 1.47 40, 752 1. 30
1 No catch wes reported in the Chesapeake Bry Bintes of in the Sialea hordering on the Great Lakes. -_i Bouth Caroling.-..cocoevruranun.. 247, 711 .27 16, 625 .1 792,73 D 31, B4 1.0
| ‘ % Tolale oo T8 550,538 | 100.00 | 44353681 90.60 | 68,107,685 | U0.90 | 2,095,350 |  100.00
Trachypenaeus shows 8 {amity resemblance to Penaeus but is much smaller and ] , 05, . 00
the rostrum, although armed with 7 to 9 spines above, is smooth below. Xiphope- | —
A naens differs from all the | |
’ other penneids in having & {10
rostrum as long or longer '
8 & . SHRIMP CATCH |
than the carapace and the —
. . 100 SOUTH ATLANTIC | I
fourth and filth pairs of AND GULF
walking legs much clongated I8RO — 1930
and slender, These four 20 [~ _ i
long legs, together wath the | : l |
two antennpe or “feelers” 80 - t
projecting beyond the o !
“head” gave rise to the 70 | i i
term ‘‘gix barb’’ among tho | I
French fishermon. This has 50 _ [ ] ‘

been corrupted {o ‘‘sea
bobs!”, and it is by this
name that they are gener-
ally known. Sicyonie is an
uncommon small form read-
ily distinguished by the very

30
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5

short rostrum and the crest % 30 4
which continues from the

rostrum down the middie of . 20

the body. .

Of the penaeids, Steyonia
o 4 and Trachypenaeus are nci-
s dental only and of no eco-

10

— [ the ear af A, the cemnthen shrlmp; B, the grooved Ilﬂllll'ﬁ Hn urtﬂnce. X“l h—t)- ) ) o iy o " o = o - ——ﬁ :
F I“E’Eﬁ;‘b. Iﬁtﬁl‘%“?ﬁz’ :eahgﬁh. amm the common shrimp and the grooved P . P g g E g g 3 Py P m E"‘.‘ m ;
shrimp teeth appear on both (e upper and Jower surfaces of the rostrum, whils PeRALUS may contribute 2 or bt - ==t -— —-— - — M . - L '

fo the sea bob they nrr absent fram Lhe lower surface.

3 pcrcent ¢a the cateh., It Fratee 5.—8hrimp catch for the Bouth Atlantie and Giulf States from 1850 to 1930,

is too small to be used in canning but finds its way int® the fresh markets and dry-
ing platforms. P. brasiliensis may at times be gbhundant but forms less than &
percent of the total. The single species Penaeus sefiferus accounted for about 90
percent of all the shrimp taken in the United States, or 100 of the 113 mullion

pounds caught 1n 1829

Another phase deserves emphasis. While the shrimp ranks high among the
fsheries of the United States, it is preeminont among those of the South Atlantic
and Culf States. Here among eight coastal States it ranks first in value, being
followed by the oyster and the mullet; and second in volume, being exceeded only
by the menhaden, which, however, ranks only fourth or fifth in vaiue. In volume
the shrimp is followed by the oyster and the mullet. '

-1+ )




6 TULLETIN OF THRE BURFBAU OF FISHERIESR

A fishery of this magnitudoe, tho most tmportant in the South, giving nm_plnx-
ment to thousands of fishermen and {nciory operatives, deservoes carcful attention if
it iz to be maintained in this valuablo state. The rapid expansion of the fishery
during the past 40 years, throughout which time it has fluublmll in volume every 8
or 8 years, has suggested caution, and recently the men in the industry have taken
the initiative in asking for investigation, fearing, apparently, that some of _thn
fluctuations in the catch wore the forerunners of serious depletion. The prime
requisites for successful handling of the problems of the shrimp, as of other fishery
resources not adapted to cultivation, are information as to the alimm_:la,nﬂe fmd
knowledge of the life history. The first is needed to tell when protection 1s required
and the second to guide such protection into intelhgent and effective cha:nnels. _

Unfortunately data for even the roughest analysis of abundance is lacking.
State and Federal data give only the total catch and except for the last year or so no
:ndication of the effort that produced the catch. Some private records alone serve
to show the boat catches by which the effort could be analyzed, but these recm:ds are
too scattered and cover too short a time to solve the problem. The outlook in this

direction is, however, now more hopeful, foxr in Louisiana, a law, originally drafted

with the assistance of members of our staff, in the future will give figures from which
depletion may be detected as it appears. In consequence of thE':SE conditions we are
unable to present in this report any data on the important question nf_ abu}ldaunﬂ.
On the other hand, we must have an adequate knowledge of the ]:lfﬂ history and
habits of the shrimp in order that, should depletion become apparent, 11_1te]11ge:nt‘ pro-
tective measures may be applied at once. The only purpose n'f this pr:al]mmary
report 1s to make available what information has been obtained agaimst the time when
it may be necessary to frame protective measures. Data on many ponts are fat_' from
conclusive but still may be useful for legislative action; the paper must be cunm@ered
solely as such a progress report in spite of the fact t%mt the data at ]Elﬂ;ﬂd establish a
more complete life history than has hitherto been available for any shrimp f:_:_f sconomic
importancs. | | - -
| PREVIOUS WORK ON LIFE HISTORY

At the time the present investigation was started the information available con-
cerning the American penaeids, and especially Penneus sefiferus, other than that In

- purely systematic papers was very meager. ) |
Brazil the occurrence of a nauplius larva presumably belonging to the genus Penaeus.

In 1883 Brooks obtained penaeid larvae at Beaufort, N.C., and was able to trace the

main stages of the larval history. He assumed them to be the young of Penaeus
brasiliensiz, but neither he nor Miiller established the specific characters for the larvae.

This work was solely morphological, interest being centered in the occurrence of the

rmitive nauplius larvae previously found only in lower crustacea. . _
' In this cn?inectinn it may be well to point out a peculiarity ::n{ the Pew@dae which
has made study of the life history difficult. Unlike the majority of the higher Orus'-
tacen, the female penaeid does not carry the developing Cges attached to the abdom-
nal legs. In consequence, although egga of the other B%mmp end erabs, as for example
Crago vulgaris of the North Ses, may readily be ﬂbtn.m_ed for a_tudg,r, no one has ever
reported a fertilized egg of Penaeus. The mature ovarian egg 18 very amu}l, measur-
ing from one fourth to one third of & millimeter in diameter, and.the unique _l‘nrval
history of Penarus is related to this fact. The minute lnrvae hatching as nauplil pass
through 6 or 8 distinct stages, 1n contrast to the condensed development of most deca-

Fritz Miller in 1863 had reported from

=
nd - -
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pods in which the eggs, well supplied with stored yolk, hateh into lnrvao correspond-
ing to stages occurring late in the larval history of FPenacus.

No further work was done until more than 20 years later at the Gulf Biologic
Station, Cameron, La. In 1808 Spaulding and Guilbeau and in 1910 Gates reported
on the shrimp. Facilities were not avalable at the Gulf Biologic Station for an inten-
sive study of the shrimp; consequently these preliminary papers contain only brief
observational notes on the behavior and a few scattered length measurements.
Spaulding, whose observations were the most extensive, reports that larval shrimp,
less than one half inch in length, were obtained in Caleasien Pass in August and Sep-
tember, ‘These were similar in form to the adult, but a series of larval stages was
not obtained nor was identification of the species possible. No females with devel-
oped ovaries were taken, but from a study of the males and the time of appearance
of the larvae he coneludes that there is a single breeding season extending from the
first of May to the last of July. He thought 1t possible that the eggs were laid in the
Gulf but presents no direct evidence, The size at maturity is not established.

In 1918 the Louisiana Department of Conservation began a more intensive study
of the shrimp. This work was done by Percy Viosca and published partly under his
name (1920} and partly under that of Tulian, who was then commissioner (1920, 1923,
1926). Viosca’s findings sre more extensive than his predecessor’s but it is to be
regretted that none of the data upon which his conclusions were based 18 given in any
of the publications. As a result 1t is impossible to evaluate his interpretations of the
life history. He states that Penaeus sefiferus spawns mn the Gulf, chiefly on the evi-
dence that sexually mature shimp are found only in outside waters. The young are
said to live in the plankton of the Gulf until a size of 1% inches is reached. “By May
reasenable numbers of baby shrimp appear in the shallow waters near the coast line
and & large proportion gradually migrate into brackish water, all growing rapidly

throughout the summer.”

This is all the information towerd a life history of Penaeus setiferus available in
1930. |
~ 'The following is a bald summary of the life history as determined by the present
work. | |
"The egys are laid from March or April to Augusi or September in the outaide
waters of the ocean or Gulf. The post-larval young beginning at a length of 7 mm
are found in bays, creeks, bayous, and lakes in warm, shallow, brackish water with
mud bottoms. The young grow rapidly and with increasing size graduslly migrate
to deeper water of greater salinity. -
During July at an average length of about 90 mm they enter the commercial
catch, appearing first in the bays, creeks, and other “inside’’ waters and later outside.
They continue in the fishery, furnishing all of the fail eateh, with its peak in
October, until the following spring and summer, when they spawn and disappear at
the age of 1 year. By late fall they have reached a length of about 120 mm, which
they maintain during the winter. KResuming growth in the spring, they show a rapid
and striking differentiation in the size of the sexes and spawn at lengths of 130 to
170 mm for the males and 135 {0 190 mm for the females. Their fate 1s unknown,
but their complete disappearance from the commercial catch is undoubted.
The breeding season is characterized by (1) a development of the gonads; (2) a

rapid differentintion in size between the sexes; (3) a differonce in the behavior of the
17500033 —2
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sexcs, so that the proportion of scxes, uniform during the winter, shows wide fluctu-
niion.  Far more mature shrimp of both sexes are found ouiside than inside,

The shrimp is most abundant in shallow coastal waters near river mouths or -

deltas. It is omnivorous, feeding on a varicty of animals and plants.

LIFE HISTORY
NATURE OF DATA

First in importance are the Iength frequencies obteined by measuring shrimp
teken by the standard commercial gear, the otter trawl. All of the shrimp measured
in Texas were samples from the eatch of fishermen; the same is true of part of the
data from Louisiana. The remainder of the shrimp were obtsined with standard
gear from boats operated by members of the staff in Louisiana, Georgia, and North
Cerolina. This experimental fishing differs from the commercial fishing solely in the
locahitics fished. The fishermen obviously cannot afford to fish in localities yielding
small catches, while in the experimental fishing these localities give information fully
as valuable as those where many shrimp are taken. Of these length-frequency series
the most important are those for Penaeus sefiferus, although similar but far less
complets data are availeble for Penaeus brasiliensis, Xiphopenaeus kroyeri, and
Trackypenaeus constrictus. The series from Georgia is, because started earlier and
unmarred by breaks, the most valuable.

The total length measured from the tip of the rostrum io the tip of the telson

has been used as the standard measurement. This measurement was chosen over
other linear measurements such as carapace length and over weight and volume after
& study of the variability of measurements obtained in various ways, Weight and
volume are subject io great variation becsuse of the adhering water on a body as
irregular in shape as the shrimp. These measurements consume much time and
require apparatus not easily used aboard small boats. In obtaining the total length
the shrimp is placed, ventral surface down, on the scale of o special measuring board
with the rostrum in contact with a fixed block. The measurement 18 read and
recorded to the nearest millimeter. For plotting and analysis the measurements
are first tabulated, then grouped into 5-mm classes in such & way that the mid-point
always falls on & 3 or an 8. For example, all shrimp measuring from 131 to 135 mm
(both figures inclusive) are grouped together in a cless interval with a mid-point of
133 mm and so plotted in a frequency polygon. Similarly, all from 136 to 140 mm
are grouped with a mid-value of 138, -

Measurements other than total length have been made for special purposes and
in smaller numbers; most notable are thosc for racial studies now in progress,

The measurements from the four localities, covering, in the case of Georzia, over
2 years, now number more than 150,000 and therefore represent an adequate hasis
for statistical treatment. (Sce table 3.) .

in size.
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TanLe 3.~~8hrimp (Penaeus seliferus) measured during scrvmonthly periods i the three major regrong
of tnvesligation

Genrgia Louisiana Texes Goorgla Loulsihan Toxns
» Feriod Period L
""‘! . Males IIIl:I&EE Males mF;TH Maies mli;?-aa i Males mﬂ?ﬂ Males mlln?us Ninles mP;TH
- ) |
1831 ‘ 1932
Feb 1 __ ... . .| BH7 68 |- .. DR N Jan. b .o......] 456 Lt A28 M7 3T 2272
Feb, 2 ___. _...... e L1 | N S, S Jam, 2o 765 AGb | l._.... 172 228
Mar. loeeocaeeoo. 476 i I (S D ceeuwaan || FODL YL 201 K K S T A2}
Mnar. 2. _____._. 559 L N U NN PRI PUTI Foh, 3 ... 253 1T 2 S B 163 MY
Apr.l_____ ... B8ip B30 _.____ IR IR SR Mar V... L) 514 485 BT 291 Fu0
ADPE. 3 o T3 (3 N D N AR S o || Mar, 2. ART AZA S61 378 158 214
May i ... 05,2920 L3014 fooone Tt oo {Apr. I L[R2 L322 2 263 4mn 190
Moy 2 ... L | L0207 1,257 155 139 405 B8 H Apr. 3 ..o .. L34 | 1, 502 i K2 1434 "
June I__ . ..... o4 | L0000 | .. _f .. ._. 575 525 5 N 135 212 124 285 113 pha I
June 2. ... _.___ g1 411 37 50 311 288 4 May 2 . ________.1 &2 811 A yii.! A0 117
July .. _________.| 453 3 I P PN B {7 | b || Junme §_____. rermna 490 L 74 15 177 223
July 2 oo 427 373 530 47h 6h 131 | June 2o e al4 fisz 248 i) 10t B
Auve. 1 .. ___. 913 5 L1 T8 22 T July 1. . _| 387 356 237 270 214 88
Auvg. 2 _ .. 1,730 [ 1, 308 Hiid BRY 433 367 (| Juby d__ . ____ 963 fi%3 255 7 304G 2 I
Bept. b ____._.| L 581 | 1,467 | 1,008 | 2, 004 415 31C | AN, Bacemuaaan. ! 1,017 | WM 217 o Taz i {8
Sept. 2 ...l 1,562 L7 3,9v2| 200 488 512 ¢ ) - ;
Qet. 1.._.___.._.. 54 TH2 1 L1561 | L, 308 508 602 Total______. 28, 110 [30, 401 114,935 |15, 244 130, 751 ) 14, 308
Oct.2 ... ___.__.] 1,320 1,380 | 1,230 | 1,241 | 3588 812 Ii
Nov, boaeeeeeeoo. | 632 870 | L0084 2908 | 204 406
Nov. 2. . _....___ I, 158 | 1,37 39 362 463 537 j
Doee Y .. _. 1, 73T | 1, 862 349 441 434 AR |
Dep 8. VNPV SR NI 348 452 |
Bubtotal ___[10, 227 130, 507 |11, 775 (L), 062 [ 4. 232 | 6 534 J
. . i

Beside length mesasurements, all observers have recorded the conditions of the
gonads, permitting these specimens to be clagsified not only by length but also by

stage of sexual maturity. | |
The field examination has been by neked eye, but in addition all the observers

- have made microscopic examination of part of the specimens and preserved material

for future study as a check on the field classification,

Smaller shrimmp than those taken by the commercial gear have been seined or
taken by small beam trawls or ‘““try nets” with bobbinet casings. These shrimp,
ranging from 7 to 20 mm, have been measured under the low power of the microscope

with an eyepiece micrometer.
 Of a different nature is the material obtained by plankton nets. The study of

the larval stages thus obtained is not yet completo. -
INTERPRETATION OF DATA
RECOGNITION OF AGE GROUPS

The interpretation of the length-frequency data from Georgia upon which, as
our most complete series, most of our knowledge of the life history is based, 1nay con-
veniently begin with thoso for July 1931. Here there is a well-marked bimodality of
the curve due to the presence of two completely separated groups differing markedly
This is plainly shown in figure 6, in which the smaller group with a mode
it about 95 mm extends from 65 to 125 for both males and females, while the larger
group, centered about 153 mam for the males and 175 for the females, extends for the
males from 140 to 170 mm and for the females from 150 to 190 mm. There is thus o
gap of 20 mm between the two groups. At no other time of the year ean two com-
pletely separated groups be found. Examination of the other records show an
essentially similar condition during July in Louisiana and during August in Texas.
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Lot us first traco these groups backward to seo whenee they come. In the case
of the larger group this is easily done. Neglecting minor changes of sizo, tlis group
can be traced back through the spring and winter to the previous year, where we may
leave themn for the present. {See fig. 10.)

The smaller group is less easily followed. They are not present in the commer-
cial catch in the earlior months. An extensive search for this group of young has

been carried on by seining in shallow water, representing many degrees of salinity,
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Flmﬁ;l, shgl?lng the ﬂrstqappenrﬂ.nca of the youug sbhritnp of the year and the diseppesrance of the mature shrimp rom the
commmercial eateh. : : ,

from ocean beaches to creeks and lakes far inland. Many localilies yielded nnthing.'

So far no young have been found on ocean or Gulf beaches either in Georgia, Louisiana,
or Texas. In the marshes near the grass small shrimp were taken but proved to be
young and adult palaemonids. Finally, in the summer of 1931, the young were
found in the slightly brackish waters of Dover Creek at Lampadoaer, Ga., 10 or 12
miles from the sea. Here the young from 7 or 8 to 40 mm hsave been systematically
collected during the proper seasons.

In Louisiana during 1932 the young have been obtained under a variety of

conditions ranging from the slightly brackish waters of Bayou Rigaud in lower Bara-

taria Bay to the almost fresh waters of Little Lake. The latter 18 more than 20 miles
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distent from the Gulf in a direct line and much farther by the winding hayens and
cenala through which the shrimp would have to pass if, ag seems probable, they were
spawned gt sea. Also during 1932 these young shrimp have been found in gimilar
localities near Beaufort, N.C., and Aransas Pass, Tex., consequently records are now
on hand for these young from the four States in which the investigations are in
progress. ‘The habitat of the post-larval young up to about 50 mm seems to be on
the inside and appears to be characterized by shallow water, muddy bottoms, high
temperature, and moderate to very low salinity. A more detailed study of the
physical characteristics of the localities in which young shrimp are found is in prog-
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FIGURE 7.—~Fregueney distributions of the immature and maturing fomnies of the common shrimp in Gecrgis waters during the

spawning eeason of 1031. Solid lines represent distrihutlon of fomals shrimp with ovaries composed exclusively of uodevelnped
oggs bnd broken lines indicate distribution of shrimp with maturing egga.

ress, These bayous, creeks, and lake margins are also nursery grounds for many
species of fish, the larvae and young of which are taken while seining for the young
shrimp, While Crago, the shrimp of the North Sea, differs in many respects from
Penaeus, the young also make their early growth far from the sea (Ehrenbaum 1890).

. BPAWNING

What is the origin of thess very young, apparently just emerged from the larval
state, some of which can bo found from April through September? We naturally
turn to the larger group which we have said was present at this time. If we classify
the large shrimp by the observed state of the gonad, we have the following picture.
In Georgia, in 1931 from the middle of April to the end of July, some degree of matu-
rity wes observable in the ovaries. The members of the amall group appearing in
July were without exception immature. Some scattering representatives of the
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lavger mature group were found in August and oven Septembor, but ths score of
individuals taken aro m striking contrast, with the hundreds olbteined in eatlicr monihs.
Although we have distinguished four or five stages of ovary dovelopment in our

records, it is diflicult to separate these sharply or to determine how long each lnsts. -

Judging from the appearance of the ripest stages that we have recognized and of the
young, some shrimp arc spawning within 2 or 3 weeks from the date on which ovary
development is first noticed. We may say, therefore, that in Georgia in 1931 the

farger group was spawning from the last of April to tho middle of August and that -

the young entering the commercial catch in July came from the earlier spawners
among theso large shrimp. The mtervening time had been spent by the young
probably in the smaller and more brackish erceks in feeding and growing.

Having thus established tho previous history and relations of the two groups
found m the commercial catch of July, we may profitably complete the presentation
of all the data on breeding and spawning that we have nbtﬂiﬂﬂd Like Ehrenbaum
in his work on Crago vulparis, we must confess to serious gaps in this phase of the
life history.

The Penacidae as a group are characterized by marked sexual dimerphism,
including certain elaborate and well-marked secondary sexual characters associated
with sperm transfer.

In Penaeus sefiferus, in contrast to the crabs, the fomale is much larger than the
male. Thus, in Georgia, in June 1931, males and femeales of & comparable degree
of maturity averaged 144.5 and 156.5 mm, respectively, the femnales thus ex-
ceeding the males by 8.31 percent. There are other differences in general form;
according to Alcock (1906) the rostrum of the female is proportionslly larger, & per-
sistent juvenile character. |

The most interesting differences for the question that we arc now considering
are those of the secondary sexual characters. In Penaeus the males produce sperma-
tophores, often of considerable complexity. The inner ramus of the first pair of
pleopods is modified, forming & structure called the petasma or andricum. By meeans
of the petasma the spermatophore is presumably transferred to the female, although
the process as far as we know has never been observed. In Penaeus sefiferus the
endopodite of the second pair of pleopods is also modified o some extent and probably
also plays a part in the transference of the spermatophore.

In most species the femalse has on the ventral surface of the thorax between the

bases of the last pair of peretopods a structure of plates partially enclosing a space

into which the spermatophore is placed. This thelycum varies greatly in complexity,

in some species (Penaeus brasiliensis and Xiphopenaeus kroyeri) being well formed,
in others less developed.

In Penaeus setiferus the thelycum is vestigial in character and does not function

s a secondary sexual! organ. 'The spermatophore is attached, by a gluelike secretion
of tha inale, to the ventral surface of the fcmale between tho bases of the third and
fourth pereiopods. Two winglike processes on the anterior end of the attached
spermatophors fit securely into the grooves between the third and fourth pereiopods
and form an inverted funnel into which the “glue” flows, fastening the spermatophore
to the female.

The spermatophore so attached is quite easily dislodged. This may, to a cortain
extent, explain why in Penaeus sefiferus’ spermatophore-bearing females are much
less abundant in the catches than are similar femsles of Penaeus brosiliensis and

LIFE HISTORY OF THE COMMON SHIIMP 1.3

Xiphopenaeus kroyert. In fact, only 20 much fomales have bean oblained from (he
thousands of sbrimp examined. Considering only females handled during thosa
months In which spermatophores have been found, we have the relations shown
in table 4.

TABLE 4.-—Penaeus geliferus spermalophore records April lo Augusl 1851 and April ino July 1932
ﬁ

M ame

Bpermia-
Enpharex | Poarcent
found

Famalen
Btato axaminerl

—_ . —r — ——— — =

Cleargin.__.-__...__| 1,015 3 .027

Taoulwiane_ ________ . T 7 )
4541 I 3,911 1% . 2%

All these 20 spermatophore-bearing females were in the ripest of the stages dis-
tinguished by cxamination of the ovary. Their lengths, which range from 141 to
186 mm with a mean at 166.3, agree well with the lengths of females showing the last
stages of maturity.

The period in which thess females are found is from April to August, inclusive,
which covers almost the entire season during which the ovaries appear ripe. All
were takon in fairly deep water, either in open sounds or the sea or Gulf, 1 localitics
where the salinity is the highest found in the range of the shrimp for this season of
the year. |

The next question is as to the time during which the mala is capable of furnishing
spermatophores. The spermatophores when formed are easily recognized in, or
expressed from, the lower end of the vasa deferentia of the male, and records of their
presence or &bEEﬂGE are at hand for part of our series of length-frequency data. In
1932 in Louisiana matyring males were first present in the latter part of March, thus
appearing slightly in advance of maturing females. They usually sppear slightly
earlier and last as late in the season as mature females. Wea may conclude, thercfore,
that during the period that females are capable of spawning, breeding males are also
present.

~ To summarize: Ripe females are common during April, May, June, July, and
present but scarce in August and September (Georgia, 1931). Spermatophore-
bearing femsales have been obtained from April to August (these must be within a few
hours of spawning). ' Mature males are present throughout this period. Young in
the first post-larval stages are found from at least late April to August. We feel
Justified in assuming, on the basis of these data, thatin 1931 spawning occurred during
April, May, June, July, and to 2 reduced extent in August and September, even with-
out havlng a8 yet observed spawmng or having obtained fﬁrmhz.ed eggs. Of course,
the dates of spawning will vary from season to season.

It may next be inquired, Where are the shrimp spawning gruundq? On this
important question our evidence is again indirect, consisting of four types of data—
the relative distribution of males and females, thﬂ relative distnbution of the various
stages of maturity, the distribution of that stage of maturity represented by the sper-
matophore-bearing females, and the distribution of larvae.

The plankton material containing penaeid larvae has not yet been analyzed and
therefore cannot throw light on the location of the spawning grounds.

As stated, all spermatophore-bearing females have been obtsined in fairly deep
water of high salinity. Since we have good reason to think that the spermatophores
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are soon dislodged and tho eggs must be laid and fortilized before this happons, we
may infer that spawning occurs in these localities.

There remains to consider the distribution of the sexes and the stages of their
maturity. As the simplest we shall first consider the distribution of the stages of
sexual maturity. If the numbers of immature and maturing males or females from
different localities are compared, the greater proportion of maturing individuals will
be found in outside waters.
of maturity. Thus, in Georgia, in 1932, an intermediate stage of ovary development
was over fwice as common in outside waters as in the creeks, while the last stage of
ovary development recognized was
six and one half times as common.
As will be recalled, the spermato-
phore-bearing females, which rep-
resent the last stage of maturnty,
were all found in the Gulf or ocean
with a single exception taken m an
exposed sound. A satisfactory
analysis of these data will require
the inclusion of figures from
another breeding season and must
be presented at a later date. The
prosent data can be interpreted in
but one way—that by far the
greater proportion of spawning
takes place in the Gulf or ocean
and that only & slight amount, if
any, occurs on the inside. The
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with high salinity. ‘ == QUTSIDE
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A comparison of the propor- > 2 5 3 =

tion of the two sexes in the catch Frousz 8—Percent of mmatur(ny fomales Iz the Iiﬁgaal?nd outalds waters
at different timés of year and in | |

different localities shows fluctuations associated with spawning. Since additinq_al
data will be required for o satisfactory analysis of these fluctuations, ‘{}llljf bnf:f
mention of the facts will hera be made. - As may be seen from figure 9, In {'.f‘renrgla.
from February 1931 to July 1932 there is & well-marked annual ﬁycla_. Durm_g the
winter (from the last half of September 1931 to the last half of April 1932, inclu-
sive) the proportion is constant, the females constituting slightly over 5_2 pereent of
the 25,601 shrimp measured. During the similar part of the preceding year the
females furnished essentially the same proportion of the 11,283 shrimp, In contrast,

the period from the last half of May to the first half of September 1931, inclusi}ra,_nnd ':__f_
again from the first half of May to the first half of August 1932 (where, at this time,
our record ends) there are sudden and romarkable fluctuations of the proportion, the i

females rising above 80 percent and falling nearly to 30. '
This period covers the time during which the ndults mature, spawn, and disappear.

A few weeks after spawning begins and when about haolf the females are maturing the

(See fig. 8.) This is more marked with the later stages
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fluctuations bepin and only end with disappearance of the adults from the fishing.
The rise in proportion of the femeles succeeded by a fall appear to be the result of
differential behavior of meles and females associated with spawning. We have found
no indication of 8 sex reversal in Penaeus such as has been claimed by Berkeley for
Pandalus. | | -

Further data is being collected on this interesting question.
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FIGURE #.-—Percent of lomales W in catehes from inslde and outside waters of Georgis from Februsary 1, 1831, Lo August
18, 1042, duorlng which period 58,521 shrimp wers measured and examined,

LARVAE

The study of the larvae of Penaeus by Miiller (1863, 1864), Brooks (1883), and
Kishinouye (1900b) have shown the main features of the unusual larval history be-
ginning with the nauplius, not found elsewhere among the higher crustacea. There
are 8 large number of stages (6 to 8) including nauplius, metanauplius, protozoes, zoea,
metazoea, and mysis, In no case has the species of the larvae been known with cer-
tainty, and in consequence thers exists no data for the identification of the iarvae.
This is 8 serious lack where 4 species of penaeids appear in the comimnercial catch and
15 or 20 have been recorded, the larvae of which may be eéncountered. Other facts
indispensable to this phase of the life history, such as the duration of the stages and
their behavior, are also lacking. -

The extensive plankton collections of the investigation have not yet been studied
in detail, and although larvae are present we are as yet unable to give a satisfactory
summary of their distribution, |
— "YOUNG

From the distribution of the mature adults, spawning must take place predomi-
nantly, if not exclusively, in outside waters of high salinity. What little 1s known of
the distribution of the larvae does not conilict with this. The distribution of the post-
larval young is, however, different. These forms, essentially similar to the adult
excopt in size, the smaliest that we have obtained measuring 7 mm in length, give up
the swimming habitat of the larvae and seek the bottom, thus resembling the adult in
habits as in form. The young, as has been stated, are found on muddy bettoms in
shallow water of high temperature and low salinity exclusively in bays or inside
waters and often far from the ocean or Gulf. The upper limit of size of the young in
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Lhis habitet is not sharply defined; somo shrimp ns Inrge as 100 mmn have boen on-
e e majority are below 40 mm. '
Gﬂll“i;{‘f: i:t?:.:t;:} dn,t,u]nn tiu erowbh in this onrliest stage, hut they ﬁrl‘ﬁt: appearced in
the Goorgia comimercinl cateh at an averagoe 8176 l:'!I B_U mm {70 m 1053) 1 July 1331 ,
end ngain in July 1932, 2 or d months altor tho :tmgmmng of spawning. Tho ri.‘,dun Lnns
that lead the larvae fromn the outside more zaline waters to the brackish muc };,r- ot~
tom waters favored by tho young, or leud the young back to the wn,mrs_of hig Jlmsr gﬂi—l |
linity where they first enter the ﬂﬂIﬂIIlEI‘(ﬂ:iﬂI_Gﬂtﬂh, have not hm?n atudi*ed, u.lllt mqgf |
they must hold the key to en understanding of one of the most Interesting phasee ©
_ ' ife history. |
e E'}I{I:n;{?xrﬁz,rgﬁwig ‘this picture just give_n of the ?pawning, larvae and yg;mg of
DPenaeus seliferys, we may review the findmgsl urff Ehrenbaum {1890) lgz‘n ;Iélg:;l
(Crago), Mortensen (1 897) on Palgemon, and Kmilunnu}fe (1900s), Spaulding EE hm i
Gates (1910), and Viosea (1920, Tulian 1?2[}, 1023, and 1926) on Penaeus. br n
haum found that in the North Sea the ovigerous fomales of Crago and the 51;1& , :;a-.-e |
swimming larvae are found only in the strongly salt water of tho flats and about the
offshore islands of the North Sea. Onlfy Eery Exce_ptmnally gre larvae or OVIgerous
| ron in the bruckish waters of the estuarics. _ ‘
fﬁmaﬁs;{irp contrast, the young, measuring 5 to 1¢-mm, are found in great téuml;rﬁ
from spring to late summer in the Doilart and Jade Kivers, far upstream in IE,E 18
water. From the percentage of ovigerous fer;rmleg f::rund at different seasons, rené
baum concluded that there were two spawning seasons and that h&tchmghﬂugun;i
primn.ﬁly in July and to a less extent in March. No t}ddttwnal support for the doubie
spawning season has been presented by the later writers. o _—
In Palaemon fabricii, studied by Mortensen, the females spawn 1n deep wdu
May, the eggs hatchmg chiefly in June. Asin Crago the lﬂ,rvae_ar{f pel?gu: mn,r; ne;aﬂr
gppear in the brackish water of fjords or creeks. After a pelagic life o :?di weﬂ;ﬂ ,
the first young appear early in July. The young aré found in thle rapi f}" %EG ;;E
vegetation of the shallow water of little creeks and f]urt!ﬂ. The ﬁir e;n E?tie;-
soid to lay a second batch of ﬂggsh ﬂhnrtlg a{tcfi the hatching of the first. 1n ne .
1 fertilization been opserved, |
. thlet? ewsiﬁﬂg}leﬁsif that the distribution of the ripest fﬂmﬂlﬂﬁ,‘thﬁ larvae, anti the
young in both these species agree with what we hu,v-e-ﬂbservad in Pﬂmeus.d | with
The data of Kishinouye (19002} are of more interest because they endvfn
various Japanese species of Penaeus closely rela,ted* to the forms we ]f.rn stu ymg%
Unfortunately, the basis of his statements. are 'nu.t. given 1n the Enghs ) ?Ilinﬁry :ﬂ
his paper. He gives tables for sexual maturity in five specles. The period udi i?ﬁ; kg
September, inclusive, contains all these mature seasons, alt]:}uugh most are 11;1 v uel
ly shorter than this. In three specics the males are sald to be salxuar-y e o
throughout the yesr. The eggs ripen in spring and spawning takes {:- ace in BllII:IEm
and sutumn. Kishinouye deseribes the spermatnpl}nres in severa 'specﬁea&_ f}gf
are said to be discharged from time to tune as they ripen. He' mentions ndmg i:
larvae in shallower water thun that lin which the spawning shrimp live but 0es 1o
' sgeribe the habitat of Lhe young. ‘
EPEEE&‘?F; 1gr;ic¢L§iE1:;b:e§snn riven hy Kishinouye agrees in general with our findings. It

is not true of the male of Penaeus seliferus that mature individuals are present at all

times of the year, as he claims for certain species. We are very 111}_1(:11 inclined to
doubt that in Penaeus sefiferus spawning takes place from time to time as the eggs
ripen; it is more likely that all the eggs are spawned at one tune.
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Only these indings of Spaulding, Gates, and Vioses relating (o the spnwninge and
young will be given here, Spaulding thought that the breeding hegan about tho
middlo of June and that spawning took place “in the deeper water of the Inrger hays
or even in the Gulf.” Heinterpreted his data as showing either o long breeding season
during the summer or two breeding seasons a year. Two years later (1910) Gates
ropotted that there was only one breeding senson and thut ““this extends from, approxi-
mately, the first of May to the last of July.” Our investigations show that the period
given by Gates covers the most intensive portion of the spawning season and that the
entire scason may be longer by a month or two on either end. Contrary to Gates’
assertion that ‘‘the smallar the shrnimp the earlier it spawns”, we find that the larger
shrimp mature first, consequently they also probably spawn first (fig. 7). :

Viosca states that Penaeus sefiferus spawns in the Gulf, chiefly on the evidence
that sexually mature shrimp are found only in outside waters. The young are said to
live in the plankton of the Gulf until a size of 1% inches is reacheéd. “By May,
reasonible numbers of baby shiimp appear in the shallow waters near the coast line
and a large proportion gradually migrate into brackish waters, all growing rapidly
throughout the summer,” |

That the sexually mature shrimp are more abundant in the Gulf than in the inside .
waters agrees with our experience; but that no mature are taken in the bays is toop
sweeping a statement. Although slways strikingly less abundent, especially in the
more mabturc stages, we have records of many shrimp in advanced stages of ovary
development from the inside waters both of Louisiana and of Georgia.

Viosca was led, apparently, to infer that the larvae live in the plankton up to a
length of 1Y inches by his inability to obtain smaller young. The largest larvae found
by Miiller were 4.5 mm long, the smallest post-larval young about 5 mm. We have
obtained young as small as 7 mm. Obviously the larvae do not reach a length of
1% mnches (31.75 mm). Either this size was inferred but not actually seen, ar, if
seer, some other crustacean was mislaken for Penaeus. We have been unable to
find young of this size on the outside, cither in the plankton, the trawl material, or on
the ocean beaches, although we have obtained them in inside waters in all four States
in which we have worked. '

Although a gradual inward migration of young such as pictured by Viosca would
bo a reasonable process, the presence of many young of 7 mm and up in the creeks,
bayous, and lakes, and their complete absence on ocean beaches show that thes larvae
often pass directly to shallow brackish waters. Like Viosca we have found that the
larger young of 20 to 50 mmn move, in general, seaward through the summer and fall,
50 that there is always a gradient of decroasing size from the waters of greater salinity
toward fresh water. | |

Owing to the extended spawning season, the advent of the young into the com-

mereial eatch 1s followed week by week by new contingents which move into the
lishing zone and become large enough to be taken by the trawls. As s result, the lower
limit of size in the commercial catch is approximately constant through the summer
and into the fall, as might be expected, since the limit is set by the selective action of
gear and the movements of the young and not by growth. It may be affected, how-
ever, in a minor way by changes in temperature or by changes in the fishing arcas
which nre not always strictly comparable from inonth to month.

o
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GROWTH

Because of the fact that young are canstantly bemg added to the populathn
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sampled by the ﬁshmﬂ-, it is extremely difficult to appro*ﬂmate the grawth ‘As the
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earliest spawned shrimp c—ontmually increase in length, and small of a relatively uniform

s1ze are constantly appearing, the range of sizes, of course, increases; consequently the -

growth 1s not represented bx the mean or modal lengths, which, each month are based
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on a new assortment of ages. It 1S clear that the increase of the means is much slower :
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than the growth of shrimp of any particular age.
The advancing upper size limit of the entire group should measure the g'rowth of

the older shrimp but is difficult in practice to determine. No statistical measure

exists which will be comparable for all these types of compound frequency curves.
In dlscussmg the series of length frequencles we have used the mode, or most abundant
size as determined by inspection, for the average, and for the upper and lower limits
a point where the ordinate has fallen to 1 percent of the total number of measure-
ments. Admittedly inaccurate, this may serve, however, as a first appromnatmn
for the purposes of the present discussion.

- The Iength—frequency data obtained with a standard tI‘ﬂ.Wl in the ﬂrdmary ﬁshmg
grounds is ill adapted to show growth. For the present, therefore, only the most
general features will be sketched and a more detailed analysis postponed to a future
time when another season’s records are available. |

The average size of the young at the time of appearance in July 1931 was about
90 mm, with a range from 70 to 105. (See fig. 10.) At this time there is no significant
@fj{ence in size between the sexes; in fact a clear differentiation does not occur until
the following April. Through July and August growth is rapid; and by the ist of
September the most common size is about 130 mm, while the largest exceed 160 mm.
The lower limit rises slightly and remains at approximately 80 mm until the first of
the followmg year. We may consider that with the present gear about 70 mm is the

st = T i iy o A g - mm‘_ﬂ P

minimum size entering the commercml catch to any extent.
' During September, October, and November the average length fluctuates between
120 and 130 mm. Durmg this perlc:d the females seem slightly the larger. This is
the time of the fall maximum of abundance and the peak of the average commercial -
catch. From a value of 130 mm early in November the average size.falls shghtly,
reaching a low point of about 120 mm near the first of the year. The difference in
size between the sexes also disappears. This cerrespibnds in a general way with the
low period of the commercial catch. \ |

Obviously these decreases of average size must result from behaﬂar whmh 13
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differential with reg&rd to sme——-the Iﬂ,rga and the small shrlmp “must frequﬁnt dif-
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ferent Iogahtles or react dlﬁ'erently n other _Ways. It is suggestive that the wintér
decrease of size is accompanied by & very marked decrease of abundance. During
the lew temperatures of the winter, movements or habits of the shrimp are changed
In such a way as to remove the majority of them from the field of the commereial
fishery on the Georgia coast.

~ Following the first of the year (1932) the lower limit beglns slowly to rise a.nd by
the 1st of April has increased from 80 to 100 mm. Itis apparent that by January the
last shnmp spawned in the preceding summer have entered the commercial catch and
that the increase of the lower limit now reflects the growth. This seems the more

probable, since the average advances at the same rate from 120 to 140 mm during
this time.
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During the following months of April, May, June, and July 1932, accompanying a
steady increase of water temperature from 56° F. in March to 86 in July there is a
remarkable exhibition of growth. This is manifested in three ways. The steady
ensuing growth is differential, being more strongly expressed in the females than the
males; there is a surprising reduction of the size range; and the sex products mature
rapidlv. o o s e

’ Ai will be recalled, this period coincides with the time during which mature
shrimp are taken. These first appear among the largest; but soon the smallest have
exceeded the minimum size for sexual maturity, maturing becomes general, and by the
1st of July no immature of any size can be found in this group of shrimp.

The progress of growth is very interesting. During the spring, in each sex a dis-
tribution of wide range without a sharp mode 1s converted into a compact group with
little variation of size and a well-marked mode. This may be caused by either or
both of two processes—first, the more rapid growth of the smaller and younger
members; second, the disappearance of the larger individuals that have spawned.
Whatever the process, its orderly progress is striking. In fact, a frequency distribu-
tion from May or June may readily be identified by its characteristic shape.

Although up to April there has been no significant difference in size between the
sexes as evidenced from the frequency curves (except for the short period in the fall
of 1931 already noted), the growth of the females, beside producing & characteristi-
cally compact and homogenous group of this sex, rapidly outstrips that of the males
untl in June, as previously stated, the sexes differ in length by 8 percent, the males
averaging 144 and the females 156 mm. By this time the range has been so reduced
that the ninth decil of the males (the largest males remaining after the upper 10
percent have been cut off) is below the average of the females and the first decil of
the females is above the average length of the males. | ~

FATE OF ADULTS

A question of great interest and importance both from the theoretical and the
practical standpoint is the fate of the larger group present in July. The smaller
group of shrimp, traced into earlier months, was found to have been spawned by the
larger, and the larger to have overwintered from young of the previous spring or
summer, Traced onward from July the smaller group persists through the winter
and spawns the following spring and summer. Does the group of larger shrimp also .
“urvive the winter and take part in a second spawning? = |

Again our evidence is indirect but impressive. We shall consider the length fre-
quency and sexual maturity data in the light of the abundanee of the shrimp. No
accurate measure of the abundance of the shrimp in the waters of Georgia at different
“tasons is available. An approximation, however, is furnished by the number of
shnmp taken in experimental trawling. By these useful, although imperfect, data
?f:t. us follow the abundance of the group of small shrimp from the time of their entrance
‘0o the commercial catch until their disappearance. The numbers increase rapidly,
being constantly augmented by new young of later and later hatchings. The maxi-
Mum of abundance is reached in the fall, usually September or October, agreeing in
Ume with the fall peak of the commercial catch. (See fig. 11.) Although the fall
Peak of the total catch tends to be overemphasized by the intensity of the fishing at
this season and in general economic factors prevent a complete correspondence,
acvertheless the fall catch rests on a period of marked abundance of shrimp. From
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' ' int in late winter and early
this peak the abundance declines and reaches o l{}‘w' point In lat

BprinI;,, coinciding with the low point of the cateh which falls in February, March, or
'll - ] [} -
i,f'bpnTh«z« numbers obtained by oxperimentsl trawling then again Increase, muchu}g 8
sccond peak in April or May at tho time of the spring catch of large, mature shrimp
so prized by the canners. ‘Tle crest is more prominent and carlier than the spring
catell would suggest, _ ‘ _

From this peak of abundance there is 2 rupxd_ and steady dﬂchnje. In the first
hall of July, when the young of the year make thoeir ﬁ]:at appearance in the commer-
cial catch, the two groups are approximately equal 1n ﬂbll{ldﬂﬂﬂﬂ_. By the lfﬁltﬂr
part of the month the abundance of the group of larger shrimp has already fallen
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below that of the growing young. The group

young

that they disappear from the fishery in Georgia. We have als

remained within the range of ¢

possibly belong to this category; the number of these, however, is small.

& Bl i T 0 7,

ia from {936 to 1931, incluslve. ‘The average montily potygons for Lousiana

of large shrimp can be more OT jess }

i ' ' , the rapid growth of the -

learlv recognized in August by their greater length, bu!; . |
voung (see Eg. 10) soon brings about an overlap, so that size alone will not suffice to :
identify them. Tho group of large shrimp are at this time sexuul_ly mature, and by
this criterion a few may be found in September, but the number 13 very smallmt.wn:;
or three out of hundreds. A carcful study of the size fre;luency c}lrvesdn:nd thnﬁi :1}5; -
' } i ‘ her trace of them, and we are forced to co 4
aexual maturity fail to disclose furthe e ablo to find

' if the adults
s Aividuals such as should be present after the spawning seuson if ¢ ults 3
spent, individun s Bue he fishery. Among the thousands of immature shrimp §

no undoubtedly spent female has been found, although some males {axu,mmm;I mny{_.
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Kishinouye (1900a) belicves that cerlain species of Penaeus die after spawning
while others live through a second year. He does not indicate tho basis of this belief.

Without evidence, it is idle to speeulate whether the process of spawning is
fatal to the shrimp—whether, like the salmon, they are wenkened and soon succumb
to enemies and disease or whether they retire to some new and as yet undiscovered
habitat, All we know is that they play no further part in the fishery. The shrimp
i3 therefore an "annual”, being spawned in the spring or summer, spawning at the
same season of the following year, and then passing out of the fishery. Since it is
probable that those spawned early furnish the early spawners of the next year, the
life span is very close to 1 year, This is the condition in Georgia., Whether or not
in Louisiana and Texas the life span will prove to be thie same is not yet settled, but
the data so far available give no evidence of an essentially diffcrent life history.

1t should again be emphasized that the above account refers only to P. setiferus.
HHow many of these findings may apply to P. brasiliensis, Xiphopenaeus kroyeri, and
Trachypenagus constriclus remains to be determined. A consideration of these forms
hes been deferred because of their lesser importance and because data on these less
common species has accumulated far more slowly. |

HABITHE

Observation of the shrimp under natural conditions 13 so difficult that only tha
most obvious habits can be thus determined. Systematic observations in aquaria
liave not yet been carried out. In spite of the paucity of direct observation it may
be well to assemble what general knowledge is available. As already stated, Penaeus
setiferus, like other penaeids, is a shrimp of subtropical littoral waters. The range
of temperature under which we have taken it is 9° to 31° C, (48° to 88° F.). In the
colder waters of the North Sea in Europe or of Alaska no penaeids are tsken, the
fishery depending rather on pandalids or cragonids. As with the Indian species
obscrved by Aleock, P. seliferus appears to favor the deltas of large rivers like tho
Mississippi, although 1t is not confined to such localitics. For example, shrimp are
taken in large numbers off Clape Canaveral, Fla., in & region where there are no
large streams. Perhaps the relation to rivers rests on the fact that, as we have seen,
the young for part of their development frequent brackish or almost fresh water.

It appears to be more common on muddy than on sandy bottoms, but it must
be remembered that mud is more common than sand in the neighborhood of large
delins, - - | | '

Like other shrimp, Penaeus seliferus swims in two ways. Usually it swims for-
ward by means of the pleopods or abdominal legs. When moving rapidly it swims
or rather leaps backward by flexing the powerful muscular abdomen and sweeping
the large tail fin under the body. In this way it may leap out of the water like &
fish or out of an uncovered aquarium. - -

Although the shrimp spend most of their time on the bottom, there are a few
well-authenticated cases where a school has been seen swimmiog near the surface.
At times they bury themselves in the mud.

No systematic examination of the stomach contents has been earried out, but a
few observations indicnto that it is & voracious and well-nigh omnivorous feeder, This
is aupported by the obsorvation of Viosca (Tulian 1920}, and of Alcock (1906) and
Kishinouye (1900a) on other spocies. Worms, crustacea (not excluding shrimp of the

I
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1 mollusks, and plant debris aro oll eaten. Often it appears to eat

tlie mud or sand for the organic matter which :t coninins, Tho prosence of constdor-
able amounts of mud or aand in the intestine appoars to bs the rule. In aguaria, fish
or other shrimp are readily and succossfully attacked and onton, -

Convincing ovidence ig at hand that the behavior of the shrimp is influenced by
temperature and salinity, but as yet no observations have been made on its reac-
tions to these stimull or 10 others such as light, hydrogen-ion concentration, and
oxygen tension. Early work on these important features of the shrimp’s behavior
occupics a prominent place in the program of the cooperative investigation. -

DEPLETION AND PROTECTION

The shrimp investigation was ‘nitiated by the Federal and State Governments
guide analysis of the state of the

to supply the biological information necessary to
fishery and to permit the framing of effective protective legislation when such is needed.
It is not possible here 0 discuss in detail the bearing of the facts presented in this

report upon the questions of depletion and protection; the intention is to do this in &
subsequent publication. Here we may only indicate the lines which such a discussion

must take. . |
Firat, it should be emphasized that depletion can only be detected by & eareful

analysis of the sbundance of shrimp and that knowledge of abundance raquires ade-

quate statistical dota. E
show the effort by which the indicated total

must know the amount of gear and number of
be recorded for analysis. Tmprovements 1n

recently been made by Louisi
Atlantic and Gulf States will so modify their
taken as to make possible the future analysis of abundance.

Fortunately it 1s not nece
no evidence of serious depletion.
impossible & complacent inaction

While there is yet time & concentra
of statistics which may be used effsctively in the immediate future.

In the absence of evidence of serious depletion at the present
ing to urge increased stringency of existing regulatory measures.

merely suggest the
lems of protection and indicate the types of restriction which may be

when enslysis of the catch statistics indicates that additional protection is needed,

The outstanding features of the life history o
question of its resistance to overfishing are: (1) Its short life span of 1 year, (2) its

extonded breeding scason of about 5 months, (3) th

samo species), smal

catches wers obtained. In addition we

duced, and (4) 1ts extens

Guli.
The shrimp's life span of 1 year, shorter

nomic animal, is clearly an unfavorable factor.
lack the stability shown,

to 20 years of age appear in the catch and
particular year would not seriously reduce the total.

ssary to take an alarmist attitude, as we have obtained :
At the same time cominon prudence should make
until depletion is easy to see and hard to remedy.

ted effort should be made to institute the collection T'

time we are unwill- '.'.
We shall therefore |

bearing of the facts of the life history of the shrimp on the prob-
employed 3

o very large number of eggs pro-
:ve habitat in the littoral waters of the South Atlantic and

xisting catch statistics are inadequate, since they do not {

men, or the individual boat catches must |
the method of gathenng statistics have :
ana, and it i3 to be hoped that all of the eight South .
regulations covering the reporting of fish

{ the sbrimp which may affect the -

than that of any other important 200~ .
The shrimp fishery must obviously
for example, by the halibut fishery, where animals from 7
the entire failure of the young of any:
When the pressure of over-
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fishing bogins to be felt the shrimp wil :
disastrous to the fishery. p will show sudden and violent fluctuations probably
Its extended brecdin
A . g season of at least 4% months, lon
: = , longer than that of th
sty e f o e, el e e o
. = s '
failure of an entira breading season. mp, since they render almost impossible the
Th :
bavous Hf u?;?:t? Atlantic and Gulf coasts, cut by a multitude of tidal rivers and
- J‘;*hi 'h ih hr? 1 unegu ?‘lﬂd oxten t* of shallow, littoral waters of all degrees of salinit
and‘;ﬂg [ :uil IJII:[I; E{:ull:rlshtetﬂ. _Ttllllls extensive favorablo habitat and the wide 1'1931!1;1@;&r
) ] chusetts south to Brazil is an obviously ad ' "
. . y navantage .
:rvl::ll:}il:tr:j t?ﬂtltuda ':’,f shrimp would not have developed in ti?i{;ﬂ;‘fgli:z:dwg;
plete protection Tﬁebﬁi?smmfoii "‘“""’;?EE ot reaily b, i alords oo com-
g ' esms s confined wholly to a narr :
:'lﬂ;nrable f:'r hshing, since, as we have seen, Penaeus setiferus appears tt.? :ﬂﬂﬂifjﬂtgi i? o
umﬂ?;;;z fer. ﬁsﬂhﬁrta?n of t.he creeks and bayous. in which the young are fuundrzﬂ
e Tt OT o ng; but since thE.Eﬂ young all move to the larger bays or to outside
of tmwla“autzlgaaii E‘:lﬂt';lﬁﬂat snn;a time all shrimp on our coast must 'i'un the gauntlet
fishery. - number that_egcapﬂ depends wholly on the intensity of the
ascm}:’:;:ﬂﬂ;ﬂ;: t?;:u?i?izr ﬂﬂtul'ﬂl_ﬂﬂﬂiiﬁﬂgﬂ the favorable factors were so far in the
an smazing abundance of shrimp. E '
teken by man have not sufficed p. ven the great numbers
to produce an alarmin '
{ , : ¢ depletion,. W
a;;‘;’};‘:f:blﬁzwﬁ to a ’;1]51:15 when the increasingly intense fishery will turnetll:e:ubﬂilll:::t
4 5 p. en the catch, maintained b : :
will begin to show great variati ’_ 1 y constantly increasing effort,
mon and conmers. gre tions from year to year, some of them ruinous to fishes-
linasmtﬂiidiﬁm;al' protection becomes necessary it may take one or more of four
s5d reed] tft ﬂnfn gsizes teken, closure of certain seasons, closure of certain areas
e agufﬂ ion of gear.. All of these have been tried; the regulation of gear and th '
. e ondcertam areas, ag, for example, nursery grounds and inside waters furﬁjshinﬂ
Emﬂfin?e:?::ziiﬂiiyﬂung' En:iﬁartain seasons promise the most satisfactory resultgg
ro N s _ .
bo modified. . . . . it is hoped, indicate how gear may edvantageously
- - © " SUMMARY

The present paper contains the results so far i i '
o0 _ sults ar attained in certain ph
Fiall:::iﬂg:; grﬂfrzn:} of Etu::i}r of the shrimp initiated by the United Stateg Eﬁiﬂf {;

T n}; rticipated in by the States of Louisiana, Georgia, and Texas.
known of & P quppnrts‘ the_ most valuable fishery in the South. Lattle has been
ration of its abunda.:.:tce, life history, and habits, consequently it warrants an 1 ti

Th{L some magnitude. | vest
United & :ﬁg;l:taﬁgaz of the shrimp fishery may be seen from the fact that in the
fishermon s 1;:4 . 9, 113,263,00(_} pounds were caught, the value of which to the
Atlentio s Gulf’S 5,000. Qf‘ this, 85 percent was produced by the eight South
sbrimp excocds th tates, Louisiana alone contributing 43 percent. In the South the
> s Otto toos :P E:;I::&I}ii I;alue -{?{‘ tha :;wn fisheries next below it,

- ri as-driven boa ' ;

the remaining 10 percent being Eaught by E;ill: t:;i; ::Eﬂtll;;gipﬂmﬂﬂt of the shrimp,

- -
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Of the six species of shrimp canght in the South the common shrimp (Penaeus
setiferus) is the most valuable. 'This specics comprises about 95 percent of tho catch
in the South Atlantic and Gulf States, or about 90 percent of the entire amount of
shrimp taken in the United States, | |

P. setiferus apawns from March or April to August or September apparently in the

waters, |
ﬂutﬁl’;“ié pr)st-lﬂl‘?ﬂl young, measuring frmzn 7 or 8 mm up, are first encountered in
bays, bayous, and '‘lakes”, gomolimes far mlund,'but not on ocean or Gulf beaches.
Their habitat is warm, shallow, brackish waters with muddy boettoms,

The young grow rapidly, and as thoy grow ihoy scck deeper watbers of greater
salinity. During July, at an averago size of about 90 mm, they enter the commercial

catch, first on the inside, later outside. They continue in the fishery until the fol-

lowing spring and summer, when they spawn and disappear at the age of 1 year.
During this time they grow to a length of about 120 mm; remain ot !’hl.ﬂ SIZ0 tlurﬂugh
the winter, resume growth in the spring; and, after a rapid differentiation of the size
of tho sexes, spawn at Jength about 130 to 170 mm for th:ﬂ males and 135 to 190 mm f:nr
the fernnles. Their fate 1s unknown, 1lznui; that they disappear from the commercial
' ning is undouhted,
ﬂﬂtclbfsﬁ:g;!;gﬂ ?J[:i:dingg season in the inside waters of Georgin tvhﬁl:ﬂ is a much greater
proportion of females than males, while in the putmdn waters there is a greater propor-
wor Iﬂzfl E:Lizia at the beginning of the breeding season there 18 evident a diﬂ:‘crent:iul
behavior of the males and females; & differential growth rate between the sexes, with
the females outstripping the males; and a change in the length frequency groupimngs

from a wide to a very narrow range.

The common shrimp is most abundant in the coastal waters near river mouths or -

dolta regions. Itis omnivorous in its feeding habits. .é'f.t present the shrimp ﬁah.:ary
docs not appear to show serious deple tion, consequently increased stringency of exist-
ine laws is not imperative. . o

° In the life history of the shrimp there are two factors favoring depletion—the
shiort life span and exposure to fishing at all times. On the other hand, there are two

factors opposing depletion—the extended brecding season and the large number o

eggs produced. The most recent and at present one of the maost decisive factors of the
environment is the fishing of man.

1 - ful
factors must at some time become f;he more powerful. ! )
common shrimp, depletion, when 1t appears, will probably run a disastrously rapid

course; consequently vigilance in safeguarding the industry is necessary. Against |

this time, methods of protection must be carefully planned.

There are four types of regulation applicable to the shrimp fishery; namely, :
closod seasons, closed areas, size Jimits, and restriction of gesr. The fishery records
of the various States arc entirely inadequate to permit an analysis of nbundance. For

the safety of the shrimp industries It is imperative that this Inck of catch records should

speedily be remedied. |
ulnifunfl records of the daily eateh of sach fisherman; certain of the States ere now

working on this problem. It is only by such records that any aqnurntre iﬂdinﬂﬁﬂ-ﬂ of

threatencd depletion may be detected,

To date the favoring factors have maintained a :

' Jation. With a more and more intensive fishery, the unfgvﬂrﬂhlﬂ 1
T ot oo & Because of the short life of the :

It is recommended that all States collect on & stendard form -
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